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BED MATERIAL CHARACTERISTICS OF THE 
MISSISSIPPI RIVER WITHIN POOL 19 
INTRODUCTION 
The construction of a relatively high (38-ft, or 11.6-m) hydropower dam with crest 
gates across the Mississippi River between Keokuk, Iowa, and Hamilton, Illinois, has 
resulted in the deposition of large amounts of sediment in the downstream one-half of the 
pool formed by the dam. Most obvious has been the deposition in the stump fields, which 
were inundated by the raised water level, and in two broad channel border areas near the 
upper end of the Des Moines Rapids, Montrose Flats and Nauvoo Point. The sediment 
deposition has reduced the water depth and induced a succession of changes in the biota 
inhabiting these areas. This report addresses the nature of the surficial bed materials, or 
substrates, in Pool 19. Special emphasis is given to the area immediately upstream from 
the dam, the Nauvoo-Montrose reach, and the Burlington Island reach, which has a large 
and important side channel. 
Location of Pool 19 
Pool 19 on the Upper Mississippi River extends 74.6 kilometers (km) upstream 
from Lock and Dam 19 at Keokuk, Iowa, past Burlington, Iowa, to Lock and Dam 18 
(see figure 1). The dam, power plant, and original lock were built in 1913 for electric 
power generation. The lock and a dry dock replaced an existing canal along the Iowa 
shore from Keokuk to the head of the Des Moines Rapids across from Nauvoo, Illinois, 
and satisfied the demands of the navigation industry to allow passage upriver from 
Keokuk (Scarpino, 1985). Originally the pool formed by the dam was called Cooper Lake 
after the chief engineer for the hydropower project. It has also been called the Keokuk 
Pool and, after the 2.75 m navigation project was completed in the late 1930s, simply Pool 
19, after the number assigned to the downstream dam by the U.S. Army Corps of 
Engineers. The original lock was replaced in 1957 by a lock 110 ft wide by 1200 ft long, 
and the dry dock was retired at this time. 
Distances along the Upper Mississippi River are measured upstream from its 
junction with the Ohio River at Cairo, Illinois. Lock 19 is at river mile 364.2 (586.0 km). 
The Des Moines Rapids had a fall of about 7.5 m in 19 km over limestone that made 
navigation difficult except during floods. The dam has a head of 11.64 m, which is the 
highest on the Upper Mississippi River except for Upper St. Anthony Falls Dam at 
Minneapolis, which has a sub-standard size lock. The 119 crest gates are operated to 
maintain the power pool at an elevation of 157.95 m above mean sea level. 
1 
At Keokuk, the Mississippi River has a drainage area of 308,200 square kilometers 
(km2) and an average flow rate of 1800 cubic meters per second (m3s). Bhowmik and 
Adams (1986) calculated the average annual sediment load at Keokuk to be 10,700,000 
metric tons for the 11 years from 1968 through 1979. They estimated the average annual 
amount of sediment deposited in Pool 19 over the same period to be 3,230,000 metric 
tons. 
The large amount of sediment deposition and the natural variability of water and 
sediment transport rates lead to considerable uncertainty about the location of bed 
material deposits with different size distributions in Pool 19. This is of special interest to 
aquatic ecologists because the combination of water depth, clarity, and velocity with bed 
material characteristics makes conditions suitable for different benthic and rooted 
macrophyte communities. 
History of Bed Material Sampling 
In 1982 the Illinois State Water Survey (ISWS), Illinois Natural History Survey 
(INHS), Illinois State Geological Survey (ISGS), Western Illinois University, and the 
Illinois State Museum obtained a five-year research grant from the National Science 
Foundation Division of Biology in the Long-Term Ecological Research (LTER) program 
area to study the large-river habitats of the Illinois and Mississippi Rivers. 
Characterization of the various habitat areas was one of the first tasks undertaken. 
Cassavant (1985) delineated habitat areas in Pool 19 from bathymetric data and bed 
material characteristics. Most of the bed material characterization was descriptive with 
some partial-sample particle size analyses. Samples selected for laboratory analysis were 
analyzed by either of two methods: sieve analysis of the sand fraction, or pipette or 
Sedigraph analysis of the silt and clay fraction. Cassavant collected 375 samples in 1982 
with either a Ponar or a Shipeck dredge. She also obtained approximately 60 1-m long 
core samples. 
The biological interest in the rapidly developing macrophyte beds and highly 
productive channel border habitats near Nauvoo, Illinois, and Montrose, Iowa, and in the 
side channel and backwater areas of the Burlington Island complex led to an intensive, 
repeat sampling of bed material in these two reaches. The reach immediately upstream 
from the dam has accumulated as much as 10.7 m of sediment since 1913 and is also 
undergoing successional change. Actually, high rates of deposition extend 22.3 km 
upstream from the dam to the Devils Creek delta near river mile 378. Sedimentation in 
Pool 19 and its significance for biological succession have been described by Bhowmik et 
al. (1986), Adams et al. (1986), and Bhowmik and Adams (1989). The Burlington Island 
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reach is important because of the flow division between the main channel and Shokokon 
Slough, flood season exchanges of organic matter with the island, and an extensive 
floodplain wetland upstream of the mouth of the Skunk River at river mile 376. The 
Skunk River, the largest tributary to Pool 19, enters the Mississippi River from the west, 
or right bank, at the downstream end of Burlington Island. Its average flow rate of 66 
m3/s is 77 percent of the local inflow, and its average annual sediment load of 2,550,000 
metric tons is 81 percent of the tributary sediment input. In 1984 and 1985 bed material 
samples were collected as many as four times from three or four locations on four cross 
sections in the Montrose-Nauvoo area, and from six main and side channel cross sections 
in the Burlington Island reach. Additional samples were collected downstream of Lock 
and Dam 18 in 1983 and at three cross sections between Nauvoo and Lock and Dam 19 in 
1986. 
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METHODOLOGY 
Sample Collection 
Personnel from all three Surveys used similar equipment and methods to obtain 
bed material samples. Detailed descriptions of the methods and equipment are given in the 
Illinois Rivers LTER methods manual (Cahill, 1985). 
The general method for obtaining samples from the surface of the riverbed was as 
follows. The boat was located visually using landmarks located on 7.5-minute topographic 
maps and then anchored. Distance from shore was measured with a MiniRanger III 
microwave positioning system or, in some cases, with a Loran C receiver. A Ponar 
dredge was most frequently used, except in the deeper, faster main channel locations 
where the ISGS used a heavier Shipeck dredge. The ISWS also used a BMH-60 sampler 
to collect material from hard sand beds. The Ponar and BMH-60 samplers are shown in 
figure 2. Each sampler was cocked and lowered to the riverbed where it was triggered to 
close and hold a sample scooped from the top 50 millimeters (mm). All of the samplers 
work best on sand and silt beds. Cobble-sized material is poorly sampled even by the 
Shipeck dredge. Water depths at each sampling location were measured by sounding or 
with an acoustic depth sounder. 
The ISGS personnel recorded detailed visual descriptions of their samples and sent 
only selected samples to the laboratory for particle size analysis. The ISWS personnel 
relied more on laboratory analysis and recorded only general visual descriptions with 
added detail for samples with quantities of shells, shell fragments, or cobbles. 
Selection of Sampling Locations 
The ISGS selected 57 cross sections to provide uniform longitudinal coverage of 
the entire pool and to identify zones where the bed material characteristics might be 
expected to change. Samples were located laterally based on bathymetry and reach 
planform. The ISWS bed sampling focused on several reaches with habitat areas of high 
interest to the WIU and INHS biologists. Repeat sampling over time and at a variety of 
flow conditions was part of this sampling design. Thus 14 cross sections were selected 
and sampled up to four different times at three to five lateral locations. 
Each reach has unique physical characteristics. The reach from the dam at Keokuk 
to Devils Creek contains three areas of substantial deposition and several drowned creek 
mouths. The Burlington Island reach includes a large island complex, the main channel, a 
large side channel, a tributary, and a large floodplain forest wetland. The reach 
immediately downstream of Lock and Dam 18 includes tailwater, main channel, and an 
island-braided side channel system. 
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Various schemes have been proposed for classifying different aquatic habitats 
within large river ecosystems. Figure 3 is modified from a figure in the Master Plan 
(Upper Mississippi River Basin Commission, 1982). Seven habitat types were used during 
the sample collection program to locate the samples within the riverine portion of the river 
floodplain ecosystem: 1) main channel (MC), 2) nonvegetated main channel border 
(NVMCB), 3) vegetated main channel border (VMCB), 4) side channel main channel 
(SCC), 5) side channel border (SCCB), 6) tailwater (TW), and tributary mouth (TRIBM). 
Though shown in figure 3, backwater, lake or pooled, and slough habitats were not 
sampled in this study. These are relatively simple classes of habitat. Several other 
schemes have been proposed, including Wilcox's very detailed hierarchical structure for 
aquatic area classification (1990). 
Main channel border areas are delineated primarily from depth and navigation 
channel boundaries, with occasional consideration of bed material changes. Channel 
borders are the shallower areas near each shoreline or in places of significant sediment 
deposition. Vegetated channel borders have beds of rooted macrophytes, either 
submerged or emergent. Side channels are the large, secondary channels on the side of 
islands opposite the main channel and may also have channel border areas. Tailwater 
occurs immediately downstream of a gated or overflow spillway portion of a dam. 
Tributary mouths were sampled occasionally and may be similar to the slough habitats in 
figure 3. These habitat types are used in the analysis of the bed material characteristics 
within the riverine ecosystem. 
Laboratory Determination of Particle Size Distributions 
The laboratory methods for determination of bed material particle size distributions 
are included in Cahill (1985) and generally follow the U.S. Geological Survey (USGS) 
procedures as described by Guy (1969). Sand and coarser materials ( > 0.0625 mm) are 
classified by sieving. Finer materials of silt (0.004 to 0.0625 mm) and clay ( < 0.004 mm) 
particles are analyzed by the pipette method or by an automated device called a Sedigraph. 
Gravel size ( > 4 mm) and coarser particles are separated by sieving, but size fractions are 
not determined. Large shells and shell fragments are removed and weighed before 
analysis. Gravel size and coarser materials are reported by percentage of sample by 
weight, or by note. 
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DESCRIPTION OF DATA SETS 
Illinois State Geological Survey Data 
Particle size determinations were not completed for many of the 375 surface 
samples and 60 core samples collected for laboratory analysis. Of these samples, 52 were 
sieved for size distribution of sand-sized particles, and a percentage of the sample 
<0.0625 mm in diameter. Another 52 samples were analyzed for size distribution of silt 
and clay-sized particles, but only a percentage of sand was determined. All of the sandy 
samples were from the main channel, and all of the predominantly fine material samples 
were from channel border or side channel habitats. Thus these two sets of quantitative 
data cannot be combined with each other or with the ISWS data set of complete particle 
size analyses. 
The ISGS particle size data from Cassavant (1985) are given in appendix A. 
Samples are located by river mile and distance in meters from the left descending bank, 
which is the bank on an observer's left while looking downstream. This is a standard way 
of describing direction along and across a river. The sand-sized samples in table A-l are 
described by median diameter, d50, and standard deviation, σ. The depth and the habitat 
code are also given. The data for the predominantly fine material samples are described in 
the same fashion (table A-2). Both tables also include the percentages of each of the three 
material classes: sand, silt, and clay. 
Illinois State Water Survey Data 
Personnel from the ISWS and INHS collected 188 samples, all of which were 
analyzed for complete particle size distribution. A typical set of particle size distributions 
for four samples across a given transect on one visit are shown graphically in figure 4. A 
summary of the results of the particle size analyses is given in appendix B, table B-1. Site 
codes identify habitat type as well as river mile. Location, depth, and habitat codes are the 
same as in table A-l. Particle diameters are given for the 85th, 50th, and 15th percentiles. 
The d85 and d15 values are used in place of the correct d84.1 and d15.9 values to 
compute the geometric mean, dg, geometric standard deviation, σg, and skewness, Sk, of 
the particle size distribution. The accuracy of determining particle size from the size 
distribution graphs does not warrant locating such precise percentiles. In fact, Vanoni 
(1975) suggested using d16 and d84 for the same reason. Following Vanoni these 
parameters are given by: 
dg = (d 8 5 *d 1 5 ) 0 . 5 
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σg = (d 8 5 /d l 5 ) 0 . 5 
Sk = log(dg/d50)/log(sg) 
The percentages of sand, silt, and clay are also given. A remarks column mentions the 
presence of cobble, rock, or shell beds. Particle size distribution graphs for each sample 
listed in table B-l are given in appendix C. Each graph contains the particle size 
distribution for the samples collected at one transect at the same time. 
ANALYSIS 
The ISWS bed material characteristic data, augmented in the main channel with 
some of the ISGS data is next examined in relation to habitat type, longitudinal position, 
lateral location, and change with time. The cross section plots for each sampling transect 
are presented as viewed looking downstream with the left and right banks on the 
respective side of the plot. Thus the discussion will proceed downstream from Lock and 
Dam 18 at river mile 410.5 to Keokuk Dam at river mile 364.2, Since bed material 
particle size distribution is a function of flow history (Vanoni, 1975), the monthly average 
flow rates for the period during which the ISWS samples were collected are discussed 
first. 
The monthly flow rates for Water Years 1984 and 1985 and the long-term monthly 
average flow rates are presented in figure 5. The water year average flow rates were 2696 
m3/s for 1984 and 2327 m3/s for 1985, both of which are considerably higher than the 
long-term average of 1833 m3/s. This suggests that the bed material sampling might have 
shown temporal variations better had it continued for enough years to obtain samples 
during different hydrologic conditions. The bed material characterization by Cassavant 
was also done during above-average flow conditions in 1983 when the water year average 
discharge was 3089 m3/s. 
Habitat and Longitudinal Variations 
Figure 6 shows the longitudinal variability of d50 in main channel, vegetated and 
nonvegetated main channel border, and side channel (main channel) habitats. The view is 
from the west, or right descending bank, so as to best show most of the values. The two 
farthest downstream main channel cross sections have been arbitrarily assigned values for 
d50 (2 mm) on the figure, even though the bed there is rock. Average values for d50 are 
given in table 1. The nonvegetated main channel border area has different bed material 
characteristics above and below the downstream end of the Burlington Island complex. In 
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the reach from river mile 394 to Lock and Dam 18 the river is nearly in its natural 
condition and the main channel, side channels, and channel borders all have sandy beds 
with similar sized particles. Downstream of river mile 394, the normal water level for 
moderate and low flow conditions is increased by Keokuk Dam, and finer material has 
been deposited in the channel border and side channel habitats. The vegetated main 
channel border areas are all in the pooled reach, and the side channels are all in the freely 
flowing reach. The main channel has rock bed for a mile or so upstream from the dam, 
and has a medium to coarse sand bed in the remainder of Pool 19. 
Table 1. Median Particle Sizes for Selected Habitats and Reaches 
Habitat Reach D50, mm a, mm 
MC 365.5 to 410.2 0. 53 0.20 
VMCB Pool 0.13 0.21 
NVMCB 364.5 to 394.0 0.15 0.23 
NVMCB 394.0 to 410.2 0.48 0.07 
SCC Pool 0.42 0.04 
Lateral and Temporal Variations 
The lateral and temporal variations of bed material characteristics also have 
significant influences on habitat suitability for different species of plants and animals. In 
most cases, the variations between sample characteristics at a particular channel or channel 
border site were not large enough to distinguish temporal changes in size distribution from 
the variability between duplicate samples, natural spatial variation, or exact sample 
position. Bed material size characteristics and the cross-sectional shape are given for each 
transect sampled by the ISWS and INHS, proceeding downstream from Lock and Dam 18 
to Lock and Dam 19. The water surface elevations shown in the cross-sectional plots are 
for a discharge of 566 m3/s or 20,000 cubic feet per second (cfs), a flow which is 
exceeded 95 percent of the time. This is essentially a flat-pool condition. Figure 7 shows 
the percent of time the river stage is above a given elevation at four locations: 1) Pool 19 
at Keokuk, river mile 364.2; 2) river mile 383.9; 3, Ft. Madison, Iowa,) Burlington, Iowa, 
river mile 403.1; and 4) Lock and Dam 18 tailwater, river mile 410.5. 
Two location maps based on the Navigation Charts are used in the following 
discussion of bed characteristics (Corps of Engineers, 1989). Each map shows one of the 
reaches that were sampled. The general locations of these two reaches are outlined on 
figure 1. The approximate lateral position of the samples is also shown in these figures by 
solid circles. 
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Lock and Dam 18 to Burlington 
The sampling transect locations between Lock and Dam 18 and Turkey Island are 
shown in figure 8. Figure 9 shows the river cross section at river mile 410.0 in the 
tailwater below Lock and Dam 18. The navigation channel and tailwater downstream of 
the gates are 6 to nearly 10 m deep. The right edge of the channel shown in figure 8 is at 
Rag Island. The sample 985 m from the left bank is in Swift Slough behind the island and 
was not included in the cross-sectional traverse. The navigation channel follows the left 
bank for about two miles downstream of Lock and Dam 18. The bed material 
compositions at the five channel locations and in the side channel are shown by stacked 
bars in figure 10. Sand is the predominant material, with some gravel in the deepest part 
of the channel. 
Six samples were collected in the side channel between river miles 404 and 409 at 
locations shown in figure 8. All of these samples are over 85 percent sand, with about 10 
percent silt and some gravel. Bar charts are not shown, but their analyses are given in 
appendix B. 
Burlington Island Reach 
The Burlington Island reach sample transects are shown in figure 8. Figure 11 
shows the river cross section at river mile 402.2 at the upstream end of Burlington Island 
with Shokokon Slough and the main river channel left and right of the island. At this point 
the slough is about 3 m deep, and the river is about 6 m deep. The sailing line is 
somewhat right of the center of the main channel. Bed material compositions are shown 
for the main channel and side channel in figures 12a and 12b, respectively. The sample 
locations shown in figure 11 are proportioned from the distances in figure 12a because the 
sampling transect and the cross-sectional traverse were done on different lines. The lateral 
distances in figure 12b are from the tip of Burlington Island, not the left bank of the 
slough. There is no pattern to the location or date of occurrence of samples with more or 
less gravel or fine material. 
Bed material samples were collected at three lateral locations in a cross channel in 
the Burlington Island complex at about river mile 398.2. The channel is called Lower 
Cutoff on the 7.5-minute topographic map. These samples generally were 75 to 100 
percent sand, with the remainder as silt and clay. Two locations had compositions of 
about half sand and half silt in August 1984. No plots are shown, but the analyses are 
included in appendix B. 
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Figure 13 shows the cross section at river mile 397.1 with the bed material sample 
locations indicated. In this figure, Shokokon Slough and the main river channel are to the 
left and right of Burlington Island, respectively. At this section, both channels are about 6 
m deep. The sailing line is on the island side of the main channel. Figures 14a and 14b 
show bed material composition bar charts for the side and main channels about 2 km (1.2 
miles) upstream from the mouth of the Skunk River. The main channel and the slough are 
nearly the same size with widths of 700 and 600 m and average depths of 3.5 and 4.4 m, 
respectively. The mid-channel beds are fine to medium sand. The side channel borders 
are mostly silt with some clay and sand. The shallow main channel border area from 450 
to 680 m from the left bank has a sandy bed. No temporal variation is discernible in 
figures 14a and 14b. 
The Skunk River is the largest tributary to the Mississippi River in Pool 19 and 
enters from the right at mile 396.0, less than 1 km upstream of the downstream end of 
Burlington Island (see figure 8). The sailing line is in the center of the river at this point. 
Figure 15 is a bar chart showing the bed material composition in the mouth of the Skunk 
River. This is most likely the result of the interaction of the hydrographs in the Mississippi 
and Skunk Rivers. While the flow rate in the Skunk River was less in March than it had 
been in February, the flow rate in the Mississippi River increased from February to March. 
June was a month of high flow rates in both rivers, and had the highest monthly flow rate 
of the calendar year 1984 in the Skunk River. Mississippi River flows remained high 
through July. The flow rates in both rivers decreased in August. There was a fall flood 
event on both rivers during November. At all three stations there is a pattern of finer 
material in March and August than in June and November. This indicates that there is a 
correlation between relative flow rates and stages for the large river and the tributary and 
the size of bed material in the Skunk River just upstream from its junction with the 
Mississippi River. 
The cross section at river mile 394.6 and its location are shown in figures 16 and 8, 
respectively. This section shows the low stage water level about 1 m below the stage 
when the cross section was sounded or the samples collected. The complex bathymetry 
can be explained by looking at figure 8 and noting that there is a progression of features 
across the river. The left 300 m are in a side channel called Turkey Chute. The next 300 
to 400 m are the outlet of Shokokon Slough, with a shallow area separating it from the 
main channel. The main channel is about 6 m deep and the sailing line is at about 1,100 m. 
The right side of the channel is upstream of the Grape Island and Grape Chute complex. 
The bed material is mostly sand as shown in figure 17. The two channel border locations 
have substantial amounts of fine materials in March 1984, and the mid-channel shoal has 
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substantial fine material content in August 1984. This may indicate winter deposition in 
the channel border areas and mid-summer deposition mid-channel as the flow rates 
receded from high in July to average in August. 
Devils Creek to Keokuk 
The middle portion of Pool 19 from river mile 394 to river mile 378 was not 
sampled intensively though there are several islands and extensive shallow stump fields. 
The ISWS sampling began again at river mile 377.8 with the Devils Creek delta on the 
right side. The sampling transect locations between Devils Creek and the lock and dam at 
Keokuk are shown in figure 18. The cross section and its location are shown in figures 19 
and 18, respectively. The main channel is about 7 m deep, but there is a channel border 
area almost 1500 m wide and less than 1 m deep to the right of the channel. At this point, 
the sailing line has nearly completed crossing from the right side at river mile 383 near Ft. 
Madison, Iowa, to the left side at river mile 377 near Nauvoo, Illinois. The bed material 
composition for each sample is given in figure 20. There is a lateral variation with finer 
materials near shore, even in deep water near the left bank. The broad, shallow area 
associated with the Devils Creek delta was not sampled here, but its composition would 
probably be mostly silt and clay like that for samples at 1575 meters, river mile 376.5 
(figure 22), or 1140 m, river mile 374.9 (figure 26). The broad, shallow area from Devils 
Creek to Montrose, Iowa, is commonly called Montrose Flats, which had a rapid 
development of extensive macrophyte beds between 1960 and 1977. 
At river mile 376.5, shown in figure 21, the sailing line is very close to the left 
bank, and the main channel is nearly 9 m deep. The 1500 m wide shallow border area is 
on the right side of the channel. The bed material composition is shown in figure 22. 
There was only one main channel sample location, and the bed is mostly sand there. The 
channel border location samples show some variation in composition, and there appears to 
be less sand content at all locations in June 1984. 
The cross section at river mile 375.8 was sampled once in June 1985. Figure 23 
shows a similar bathymetry to river mile 376.5 with a channel depth of about 9 m and the 
sailing line near the left bank. Both main channel samples were 99 percent sand as shown 
in figure 24. 
This transect begins at Nauvoo Point on the left bank and ends at Montrose 
Harbor on the right bank as may be seen in figure 18. The cross section is shown in figure 
25 and also indicates the location of the bed material samples. The main channel is about 
6 m deep and the sailing line is about 400 m from the left bank. The point at 1,140 m is in 
the broad channel border area called Montrose Flats. Median diameters for each point 
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averaged 0.25, 0.45, 0.01, and 0.018 mm at 200, 500, 850, and 1,150 m from the left 
bank, respectively. The main channel is primarily sand, and the channel border area of 
Montrose Flats is mostly silt with some sand and clay. The bed material composition is 
shown in figure 26. The only possible temporal variation is at the 200-m location, which 
is more likely due to slightly different sample locations in the transition zone from sandy 
main channel to finer channel border deposits. 
The cross section at river mile 373.5, which begins on the Nauvoo Point shoals 
and extends to a riprapped bank on the Iowa shore is shown in figure 27. The Nauvoo 
Point shallows and macrophyte beds extend from river mile 374 to river mile 373 along 
the left bank as may be seen in figure 18. The main channel is 9 m deep, and the sailing 
line is about 900 m from the left bank. The bar chart in figure 28 shows percentages of 
sand, silt, and clay for each of the samples collected at river mile 374.9. Several deep-
water samples showed substantial amounts of fine material. This may be an artifact of 
exact sampling location or it could be an indication that the higher velocity flow is on the 
right bank in this bendway where the flow probably crosses from the Illinois to the Iowa 
shore. 
The cross section at river mile 372.8 is shown in figure 29. This transect is near 
the downstream end of Nauvoo Point channel border area and the nearly 10 m deep 
channel is on the right side. The sailing line (see figure 18) is about 900 meters from the 
left bank. Three locations were sampled twice during 1985, and the bed material 
compositions are shown in figure 30. 
The cross section at river mile 368.1 is shown in figure 31. This transect and the 
two described below are located in figure 18. The river is between 5 and 6 m deep, and 
the sailing line is about 500 m from the left bank. The compositions of the three samples 
collected in June 1986 are shown in figure 32. Despite the relatively uniform depth, one is 
a sandy, main channel material, and the others are typical channel border materials. 
Figure 33 shows the cross section at river mile 365.1, about one mile upstream of 
Lock 19. The navigation channel is near the right bank, and a large area about 1 m deep, 
extends from the left bank toward the channel. The main channel is about 11 m deep. 
The submerged ridge in the channel is the drowned lateral canal past the Des Moines 
Rapids. The bed material compositions are shown in figure 34. The two samples in the 
channel border area were nearly all silt and clay-sized material. The main channel bottom 
is bedrock. 
The cross section at river mile 364.8 (figure 35) is similar to the one at river mile 
368.1 in figure 33. Four sample compositions are given in figure 36. The one at zero 
distance form the left bank is in the mouth of Cheney Creek. The other two border area 
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samples had some sand, but were mostly silt and clay. The main channel is about 12 m 
deep with bedrock bottom. The old lateral canal structure is again apparent in figure 35. 
The historical and future sedimentation and habitat succession in this area have been 
discussed by Bhowmik, et al. (1986). 
SUMMARY 
The bathymetric and bed material characteristics of Pool 19 have been illustrated 
and described at 13 main channel, 2 side channel, 1 tributary mouth, 1 island cross 
channel, and several spot locations in side channels described. The river was traced from 
river mile 410.0 in the tailwater below Lock and Dam 18 to river mile 364.5 just upstream 
of the lock, dam, and power plant at Keokuk, Iowa. More detail was given for several 
areas where habitat succession is taking place as sedimentation raises the bed near enough 
to the water surface so that rooted macrophytes can become established and survive 
floods and winter ice cover. Both the plan view charts and the cross sections show a 
variety of channel shapes. Similarly there is some change in bed material characteristics 
longitudinally, though the main channel has a medium sand bed except for the mile or two 
of bedrock upstream of Lock 19 at Keokuk. An expanded sampling program would be 
able to fill in information for the reach between river miles 378 and 394, and obtain 
samples during different flow regimes. Sites could be selected for more frequent sampling 
with annual sampling along the entire pool. 
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FIGURES 
Figure 1. Map of Pool 19 on the Mississippi River with detailed map areas outlined. 
16 
Figure 2. Bed material samplers: a) Ponar dredge and b) BMH-60. 
17 
Figure 3. Schematic of aquatic habitat types for the Upper Mississippi River System. 
18 
Figure 4. Typical bed material particle size distribution graph for 
one set of samples collected at one transect on a given day. 
19 
Figure 5. Monthly average discharges for the Mississippi River at Keokuk, Iowa: 
Water Years 1984 and 1985. 
20 
Figure 6. Longitudinal distribution in Pool 19 of median particle size for side channel, 
main channel, nonvegetated main channel border, 
and vegetated main channel border habitats. 
21 
Figure 7. Water Surface Elevation Duration Curves for Pool 19. 
22 
Figure 8. Bed material sample locations between Turkey Island and Lock and Dam 18: 
river mile 394 to river mile 411. 
23 
Figure 9. Cross section and sample locations at river mile 410.0. 
Figure 10. Bed material characteristics at river mile 410.0. 
24 
Figure 11. Cross section and sample locations at river mile 402.2. 
25 
Figure 12. Bed material characteristics at river mile 402.2 
a) Shokokon Slough, and b) main channel. 
26 
Figure 13. Cross section and bed material locations at river mile 397.1. 
27 
Figure 14. Bed material characteristics at river mile 397.1: 
a) side channel, and b) main channel. 
28 
Figure 15. Bed material characteristics in the mouth of Skunk River, 
Mississippi River river mile 396.0. 
29 
Figure 16. Cross section and sample locations at river mile 394.6. 
Figure 17. Bed material characteristics at river mile 394.6. 
30 
Figure 18. Bed material sample locations between Keokuk dam and Devils Island: 
river mile 364 river mile 378. 
31 
Figure 19. Cross section and sample locations at river mile 377.8. 
Figure 20. Bed material characteristics at river mile 377.8. 
32 
Figure 21. Cross section and sample locations at river mile 376.5. 
Figure 22. Bed material characteristics at river mile 376.5. 
33 
Figure 23. Cross section and sample locations at river mile 375.8. 
Figure 24. Bed material characteristics at river mile 375.8. 
34 
Figure 25. Cross section and sample locations at river mile 374.9. 
Figure 26. Bed material characteristics at river mile 374.9. 
35 
Figure 27. Cross section and sample locations at river mile 373.5. 
Figure 28. Bed material characteristics at river mile 373.5. 
36 
Figure 29. Cross section and sample locations at river mile 372.8. 
Figure 30. Bed material characteristics at river mile 372.8. 
37 
Figure 31. Cross section and sample locations at river mile 368.1. 
Figure 32. Bed material characteristics at river mile 368.1. 
38 
Figure 33. Cross section and sample locations at river mile 365.1. 
Figure 34. Bed material characteristics at river mile 365.1. 
39 
Figure 35. Cross section and sample locations at river mile 364.8. 
Figure 36. Bed material characteristics at river mile 364.8. 
40 
APPENDIX A 
Table A-l. Cassavant's Data for Fine Material Sample 
Site 
M364.8 
M364.8 
M364.8 
GBM 
M366.3 
M366.3 
M366.3 
M366.3 
M368.3 
M368.3 
M368.3 
M368.3 
M370.5 
M370.5 
M370.5 
M370.5 
M372.4 
M372.4 
NPTRIB 
M376.7 
M376.7 
M376.7 
M376.7 
M378.5 
M378.5 
M378.5 
M378.5 
M378.5 
M380.6 
M380.6 
M380.6 
M380.6 
M382.4 
M382.4 
M382.4 
M384.3 
M386.4 
M386.4 
M386.4 
M388.4 
M388.4 
M390.4 
M390.4 
M390.4 
River 
mile 
364.8 
364.8 
364.8 
366.3 
366.3 
366.3 
366.3 
366.3 
368.3 
368.3 
368.3 
368.3 
370.5 
370.5 
370.5 
370.5 
372.4 
372.4 
376.7 
376.7 
376.7 
376.7 
376.7 
378.5 
378.5 
378.5 
378.5 
378.5 
380.6 
380.6 
380.6 
380.6 
382.4 
382.4 
382.4 
384.3 
386.4 
386.4 
386.4 
388.4 
388.4 
390.4 
390.4 
390.4 
Left bank 
distance, m 
690 
1080 
1420 
0 
460 
850 
1160 
1430 
150 
760 
1310 
1590 
80 
340 
700 
1310 
1520 
610 
0 
300 
700 
2100 
2320 
180 
950 
1400 
1800 
2130 
60 
460 
850 
2350 
120 
430 
730 
1070 
60 
790 
1040 
80 
640 
240 
580 
1620 
Depth, m 
0.5 
0.9 
3.2 
1 
0.2 
3.7 
7 
10 
1.7 
5.2 
4.6 
0.5 
1.8 
3.8 
6.4 
1.7 
6.5 
3.5 
1 
6.3 
2.5 
0.4 
0.4 
3.9 
1.2 
1.3 
1.8 
2.9 
1 
2.7 
0.4 
0.2 
3.3 
1.2 
0.3 
5.5 
2.1 
4.9 
0.3 
0.6 
5.2 
0.6 
1 
5.7 
Habitat 
code 
VMCB 
NVMCB 
NVMCB 
TRIBM 
VMCB 
NVMCB 
MC 
MC 
NVMCB 
MC 
MC 
NVMCB 
NVMCB 
MC 
MC 
NVMCB 
MC 
MC 
TRIBM 
MC 
NVMCB 
VMCB 
VMCB 
MC 
NVMCB 
NVMCB 
NVMCB 
NVMCB 
NVMCB 
NVMCB 
NVMCB 
NVMCB 
NVMCB 
NVMCB 
NVMCB 
MC 
NVMCB 
MC 
NVMCB 
NVMCB 
MC 
NVMCB 
NVMCB 
SCC 
Percentage 
sand 
1 
2 
3 
15 
4 
4 
2 
6 
1 
8 
5 
1 
1 
17 
2 
1 
14 
2 
8 
1 
3 
10 
5 
16 
1 
1 
3 
16 
2 
2 
2 
1 
3 
1 
20 
10 
13 
1 
1 
7 
16 
6 
4 
18 
silt 
70 
74 
69 
58 
73 
72 
69 
67 
63 
62 
64 
69 
63 
63 
75 
64 
55 
74 
65 
64 
67 
66 
69 
55 
71 
59 
68 
55 
68 
68 
65 
61 
60 
69 
40 
55 
54 
66 
56 
62 
53 
59 
64 
53 
* 
clay 
29 
24 
28 
27 
23 
24 
29 
27 
36 
30 
31 
30 
36 
20 
23 
35 
31 
24 
27 
35 
30 
24 
26 
29 
28 
40 
29 
29 
30 
30 
33 
38 
37 
30 
40 
35 
33 
33 
43 
31 
31 
35 
32 
29 
Sample 
code 
82-151 
82-150 
82-149 
82-153 
82-154 
82-155 
82-156 
82-157 
82-163 
82-161 
82-159 
82-158 
82-164 
82-165 
82-166 
82-168 
82-169 
82-172 
82-135 
82-136 
82-137 
82-140A 
82-141 
82-147 
82-145 
82-144 
82-143 
82-142 
82-173 
82-174 
82-175 
82-180 
82-186 
82-185 
82-183 
82-190 
82-195 
82-192 
82-191 
82-198 
82-198 
82-210 
82-209 
82-205 
Year 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
42 
Table A-1. Concluded 
River 
Site mile 
M392 392 
M392 392 
M392 392 
M392 392 
GICHT 392.4 
M394.2 394.2 
S398 398 
M398.8 398.8 
Habitat Codes: 
MC = 
VMCB = 
SCCB = 
TRIBM = 
Site Codes: 
M nnn.n = 
S nnn.n = 
GBM = 
Left bank 
distance, m Depth, m 
150 
370 
580 
1190 
1370 
110 
300 
2350 
main channel 
0.6 
1 
0.3 
4.9 
5.2 
1.5 
1.1 
5.5 
Habitat 
code 
NVMCB 
NVMCB 
NVMCB 
NVMCB 
SCC 
SCCB 
SCCB 
MC 
NVMCB 
vegetated main channel border SCC 
side channel border 
tributary mouth 
Mississippi River @ 
side channel @ mile 
Grays Bay mouth 
TW 
mile nnn.n NPTRIB 
nnn.n GICHT 
Percentage 
sand 
11 
1 
2 
7 
4 
16 
10 
16 
silt 
64 
62 
56 
62 
71 
53 
73 
52 
= nonvegetated 
clay 
25 
37 
42 
31 
25 
31 
17 
32 
Sample 
code 
82-241 
82-240 
82-239 
82-236 
82-204 
82-235 
82-248 
82-225 
main channel 
= side channel main channel 
= tailwater 
= Devils Creek mouth 
= Grape Island Chute 
Year 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
43 
Table A-2. Cassavant's Data for Sandy Samples 
Mile 
370.6 
380.7 
380.7 
380.7 
382.6 
384.3 
384.3 
384.3 
386.4 
386.4 
388.5 
388.5 
390.7 
390.7 
392.4 
392.4 
394.4 
394.4 
394.4 
394.4 
395.9 
396.3 
396.5 
398.1 
398.1 
398.1 
398.1 
398.8 
398.8 
398.8 
400.6 
400.6 
400.6 
400.6 
400.6 
400.6 
400.6 
402.8 
402.8 
402.8 
406.3 
406.3 
406.3 
406.3 
406.8 
408.3 
408.3 
408.3 
408.3 
410.1 
410.1 
410.1 
LB dist 
1005 
60 
1450 
1810 
1570 
290 
610 
885 
305 
580 
335 
855 
930 
1100 
775 
960 
335 
760 
1005 
1250 
305 
245 
140 
60 
180 
440 
565 
60 
395 
595 
30 
140 
180 
215 
320 
410 
535 
75 
274 
490 
60 
245 
520 
545 
60 
30 
120 
230 
335 
50 
245 
440 
Depth 
6.9 
4.6 
2.3 
5.9 
7.2 
3.9 
3.8 
5.0 
5.6 
3.9 
1.8 
5.2 
4.5 
3.0 
4.9 
0.6 
2.0 
6.4 
0.4 
2.5 
5.9 
5.2 
3.8 
4.3 
2.2 
5.1 
5.3 
3.0 
5.1 
7.0 
0.8 
1.3 
6.0 
1.7 
2.2 
3.0 
5.2 
3.7 
4.9 
7.0 
3.8 
4.9 
3.5 
3.7 
3.5 
6.4 
6.1 
5.3 
4.3 
3.5 
8.2 
6.1 
HAB code 
1 
2 
1 
1 
1 
3 
2 
1 
1 
1 
2 
1 
1 
1 
1 
1 
2 
1 
2 
4 
1 
1 
5 
4 
5 
4 
4 
2 
1 
1 
5 
2 
4 
2 
5 
2 
1 
2 
2 
1 
2 
1 
2 
2 
4 
1 
1 
1 
1 
6 
6 
6 
HABITAT 
mc 
nvmcb 
mc 
mc 
mc 
vmcb 
nvmcb 
mc 
mc 
mc 
nvmcb 
mc 
mc 
mc 
mc 
mc 
nvmcb 
mc 
nvmcb 
scc 
mc 
mc 
sccb 
scc 
sccb 
scc 
scc 
nvmcb 
mc 
mc 
sccb 
nvmcb 
scc 
nvmcb 
sccb 
nvmcb 
mc 
nvmcb 
nvmcb 
mc 
nvmcb 
mc 
nvmcb 
nvmcb 
scc 
mc 
mc 
mc 
mc 
tw 
tw 
tw 
44 
d50 
0.46 
0.45 
0.38 
0.55 
0.59 
0.55 
0.43 
0.51 
0.85 
0.61 
0.75 
0.47 
0.53 
0.36 
0.65 
0.35 
0.40 
0.90 
0.51 
0.34 
0.29 
0.47 
0.36 
1.37 
0.37 
0.48 
0.26 
0.59 
1.09 
0.52 
0.38 
0.41 
0.46 
0.43 
0.29 
0.77 
0.53 
0.45 
0.51 
0.56 
0.58 
1.09 
0.60 
0.43 
0.59 
1.77 
1.13 
0.53 
0.50 
0.38 
0.59 
0.65 
Sigma 
0.48 
0.73 
0.60 
0.61 
0.59 
0.55 
0.69 
0.57 
0.45 
0.42 
0.51 
0.54 
0.64 
0.65 
0.58 
0.76 
0.60 
0.54 
0.64 
0.41 
0.78 
0.59 
0.52 
0.28 
0.59 
0.66 
0.54 
0.24 
0.37 
0.52 
0.60 
0.66 
0.62 
0.61 
0.60 
0.48 
0.64 
0.60 
0.55 
0.66 
0.60 
0.54 
0.58 
0.62 
0.44 
0.34 
0.40 
0.67 
0.63 
0.60 
0.55 
0.29 
Sample # 
82-167 
82-173 
82-177 
82-178 
82-181 
82-187 
82-188 
82-189 
82-194 
82-193 
82-197 
82-199 
82-208 
82-207 
82-238 
82-237 
82-234 
82-233 
82-232 
82-231 
82-230 
82-228 
82-244 
82-250 
82-249 
82-247 
82-246 
82-226 
82-224 
82-223 
82-251 
82-217 
82-252 
82-218 
82-253 
82-219 
82-220 
82-215 
82-214 
82-213 
82-254 
82-255 
82-256 
82-257 
82-267 
82-262 
82-261 
82-260 
82-259 
82-263 
82-264 
82-265 
APPENDIX B 
Table B-1. Statistical Summary of Illinois State Water Survey Samples 
Site 
BICD 
BICD 
BICD 
BICD 
BICD 
BICD 
BICD 
BICD 
BICD 
BICD 
BICD 
BICD 
CHNM 
M364.8 
M364.8 
M364.8 
M365.15 
M365.15 
M365.15 
M368.08 
M368.08 
M368.08 
M372.8 
M372.8 
M372.8 
M372.8 
M372.8 
M372.8 
M373.5 
M373.5 
M373.5 
M373.5 
M373.5 
M373.5 
M373.5 
M373.5 
M373.5 
M373.5 
LB.Dist 
7 
7 
7 
7 
21 
21 
21 
21 
35 
35 
35 
35 
0 
500 
1000 
1675 
500 
1000 
1500 
500 
1000 
1500 
435 
440 
860 
870 
1300 
1300 
220 
442 
472 
500 
630 
630 
748 
765 
855 
858 
Date 
03/26/84 
11/05/84 
08/28/84 
06/13/84 
11/05/84 
03/26/84 
06/13/84 
08/28/84 
08/28/84 
06/13/84 
03/26/84 
11/05/84 
06/01/86 
06/01/86 
06/01/86 
06/01/86 
06/01/86 
06/01/86 
06/01/86 
06/01/86 
06/01/86 
06/01/86 
03/21/85 
06/11/85 
03/21/85 
06/11/85 
03/21/85 
06/11/85 
04/17/84 
04/17/84 
08/30/84 
03/22/85 
04/17/84 
06/12/85 
08/30/84 
03/22/85 
08/30/84 
06/12/85 
Depth 
0.5 
1.0 
11.0 
0.8 
1.5 
9.8 
6.2 
3.9 
2.1 
2.4 
2.4 
4.1 
4.1 
7.8 
7.8 
0.6 
5.5 
6.5 
6.5 
8.2 
8.2 
7.8 
7.8 
6.6 
6.6 
Habitat 
SCC 
SCC 
SCC 
SCC 
SCC 
SCC 
SCC 
SCC 
SCC 
SCC 
SCC 
SCC 
TRIBM 
VMCB 
NVMCB 
MC 
VMCB 
NVMCB 
MC 
MC 
NVMCB 
NVMCB 
NVMCB 
NVMCB 
MC 
MC 
MC 
MC 
VMCB 
VMCB 
VMCB 
VMCB 
MC 
MC 
MC 
MC 
MC 
MC 
D85,MM 
0.300 
0.500 
0.125 
0.200 
0.450 
0.188 
0.375 
0.350 
0.450 
0.750 
0.450 
0.400 
0.031 
0.031 
0.031 
0.031 
0.025 
1.400 
0.028 
0.100 
0.375 
0.050 
0.800 
0.800 
0.900 
1.000 
0.065 
0.090 
0.063 
0.090 
1.200 
0.375 
0.028 
0.900 
1.300 
2.000 
D50,MM 
0.150 
0.375 
0.055 
0.135 
0.300 
0.102 
0.188 
0.063 
0.275 
0.400 
0.300 
0.200 
0.012 
0.015 
0.007 
0.020 
0.007 
0.500 
0.009 
0.010 
0.029 
0.020 
0.375 
0.500 
0.600 
0.700 
0.024 
0.020 
0.016 
0.012 
0.024 
0.047 
0.004 
0.045 
0.700 
0.900 
D15,MM 
0.045 
0.275 
0.016 
0.045 
0.188 
0.045 
0.040 
0.004 
0.063 
0.275 
0.125 
0.130 
0.006 
0.200 
0.125 
0.300 
0.275 
0.300 
0.002 
0.012 
0.030 
0.300 
0.375 
% gravel 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
10 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
4 
2 
15 
%sand 
79 
98 
40 
82 
98 
81 
76 
50 
100 
100 
89 
98 
0 
3 
5 
0 
3 
0 
0 
79 
9 
23 
60 
8 
80 
97 
98 
93 
15 
21 
15 
16 
38 
40 
8 
96 
93 
80 
% silt 
17 
2 
52 
13 
2 
15 
19 
35 
0 
0 
11 
2 
70 
70 
52 
0 
83 
59 
0 
11 
53 
38 
19 
64 
14 
2 
1 
6 
66 
57 
57 
52 
32 
49 
40 
0 
5 
5 
% clay Comments 
4 
0 
8 
5 
0 
4 
5 
15 
0 
0 
0 
0 
30 
27 
43 
0 COBBLE/BED ROCK 
14 
41 
0 COBBLE/BED ROCK 
0 
38 
39 
21 
27 
5 
0 
0 
0 
19 
22 
28 
32 
30 
11 
51 
0 
0 
0 
Sigma 
2.582 
1.348 
2.795 
2.108 
1.547 
2.044 
3.062 
9.354 
2.673 
1.651 
1.897 
1.754 
2.273 
2.646 
2.530 
1.633 
1.809 
1.826 
5.701 
5.590 
5.477 
2.082 
2.309 
D geo. 
0.116 
0.371 
0.045 
0.095 
0.291 
0.092 
0.122 
0.037 
0.168 
0.454 
0.237 
0.228 
0.014 
0.529 
0.316 
0.490 
0.497 
0.548 
0.011 
0.067 
0.164 
0.624 
0.866 
Skewness 
-0.269 
-0.038 
-0.201 
-0.473 
-0.071 
-0.145 
-0.383 
-0.233 
-0.499 
0.253 
-0.367 
0.233 
-0.466 
0.058 
-0.184 
-0.042 
-0.316 
-0.408 
-0.428 
0.207 
0.762 
-0.156 
-0.046 
Table B-1. Statistical Summary of Illinois State Water Survey Samples (continued) 
Site 
M373.5 
M373.5 
M373.5 
M373.5 
M373.5 
M373.5 
M374.9 
M374.9 
M374.9 
M374.9 
M374.9 
M374.9 
M374.9 
M374.9 
M374.9 
M374.9 
M374.9 
M374.9 
M374.9 
M374.9 
M374.9 
M374.9 
M375.8 
M375.8 
M375.8 
M376.5 
M376.5 
M376.5 
M376.5 
M376.5 
M376:5 
M376.5 
M376.5 
M376.5 
M376.5 
M376.5 
M376.5 
M376.5 
LB.Dist 
863 
873 
1312 
1315 
1328 
1330 
195 
195 
213 
215 
500 
500 
522 
530 
830 
830 
863 
865 
1130 
1130 
1140 
1150 
205 
395 
790 
234 
240 
245 
265 
669 
700 
707 
710 
870 
885 
895 
910 
1528 
Date 
04/17/84 
03/22/85 
08/30/84 
06/12/85 
03/22/85 
04/17/84 
06/11/84 
08/29/84 
06/12/85 
03/20/85 
06/11/84 
08/29/84 
03/20/85 
06/12/85 
08/29/84 
06/11/84 
06/12/85 
03/20/85 
06/11/84 
08/29/84 
06/12/85 
03/20/85 
06/13/85 
06/13/85 
06/13/85 
08/30/84 
06/13/85 
03/20/85 
06/11/84 
08/30/84 
06/11/84 
06/13/85 
03/20/85 
08/30/84 
06/13/85 
03/20/85 
06/11/84 
08/30/84 
Depth 
6.6 
6.6 
0.4 
0.4 
0.4 
0.4 
0.7 
0.7 
0.7 
0.7 
5.9 
5.9 
5.9 
5.9 
4.3 
4.3 
4.3 
4.3 
1.5 
1.5 
1.5 
1.5 
7.1 
7.4 
2.6 
7.1 
7.1 
7.1 
7.1 
2.6 
2.6 
2.6 
2.6 
3.0 
3.0 
3.0 
2.8 
0.7 
Habitat 
MC 
MC 
MC 
MC 
MC 
MC 
MC 
MC 
MC 
MC 
MC 
MC 
MC 
MC 
MC 
MC 
MC 
MC 
NVMCB 
NVMCB 
NVMCB 
NVMCB 
MC 
MC 
NVMCB 
MC 
MC 
MC 
MC 
NVMCB 
NVMCB 
NVMCB 
NVMCB 
NVMCB 
NVMCB 
NVMCB 
NVMCB 
VMCB 
D85,MM 
0.038 
1.000 
0.031 
0.750 
0.375 
0.500 
1.100 
0.800 
1.300 
0.800 
0.375 
0.500 
0.630 
0.031 
0.048 
0.048 
0.048 
0.048 
0.600 
0.800 
0.105 
0.900 
0.500 
0.080 
0.700 
0.190 
0.048 
0.180 
0.125 
0.048 
0.180 
0.250 
0.012 
0.090 
D50,MM 
0.016 
0.070 
0.375 
0.016 
0.375 
0.600 
0.400 
0.400 
0.400 
0.004 
0.016 
0.016 
0.005 
0.018 
0.020 
0.016 
0.016 
0.400 
0.450 
0.024 
0.400 
0.400 
0.450 
0.190 
0.063 
0.012 
0.035 
0.006 
0.008 
0.016 
0.090 
0.003 
0.031 
D15,MM 
0.030 
0.031 
0.275 
0.300 
0.300 
0.275 
0.275 
0.300 
0.300 
0.125 
0.300 
0.300 
0.004 
0.002 
0.002 
% gravel 
0 
2 
0 
0 
0 
0 
0 
1 
0 
0 
5 
1 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
%sand 
36 
98 
0 
0 
0 
0 
11 
81 
23 
100 
95 
98 
100 
98 
18 
31 
15 
9 
2 
0 
0 
0 
99 
99 
20 
82 
100 
100 
52 
48 
10 
29 
20 
9 
22 
56 
2 
26 
% silt 
30 
0 
0 
0 
0 
0 
27 
10 
49 
0 
0 
1 
0 
1 
33 
36 
55 
44 
73 
71 
70 
70 
1 
1 
57 
15 
0 
0 
23 
37 
59 
46 
35 
51 
38 
28 
43 
55 
%clay 
34 
0 
0 
0 
0 
0 
62 
8 
28 
0 
0 
0 
0 
0 
49 
32 
30 
47 
25 
29 
30 
30 
0 
0 
23 
0 
0 
0 
24 
15 
31 
25 
45 
40 
40 
16 
55 
19 
Comments 
COBBLE/SHELLS 
COBBLE/SHELLS 
COBBLE/SHELLS 
COBBLE/RIP-RAP 
SHELLS 
Sigma 
5.774 
4.919 
1.348 
1.915 
1.633 
2.174 
1.706 
1.414 
1.633 
2.683 
1.291 
0.516 
6.892 
11.180 
6.708 
D geo. 
0.173 
0.152 
0.371 
0.574 
0.490 
0.598 
0.469 
0.424 
0.490 
0.335 
0.387 
0.155 
0.028 
0.022 
0.013 
Skewness 
0.517 
-0.565 
-0.038 
-0.067 
0.413 
0.518 
0.298 
0.170 
0.173 
-0.178 
-0.126 
1.614 
-0.428 
-0.577 
-0.440 
Table B-1. Statistical Summary of Illinois State Water Survey Samples (continued) 
Site 
M376.5 
M376.5 
M377.8 
M377.8 
M377.8 
M377.8 
M377.8 
M377.8 
M377.8 
M377.8 
M377.8 
M377.8 
M377.8 
M377.8 
M377.8 
M377.8 
M377.8 
M377.8 
M377.8 
M377.8 
M377.8 
M394.6 
M394.6 
M394.6 
M394.6 
M394.6 
M394.6 
M394.6 
M394.6 
M394.6 
M394.6 
M394.6 
M394.6 
M397.1 
M397.1 
M397.1 
M397.1 
M397.1 
LB.Dist 
1575 
1575 
167 
300 
316 
319 
320 
484 
605 
608 
610 
615 
758 
907 
909 
910 
915 
1082 
1688 
1813 
1813 
297 
298 
300 
590 
600 
600 
602 
870 
881 
884 
1465 
1470 
61 
72 
72 
80 
128 
Date 
03/20/85 
06/11/84 
08/30/84 
06/11/84 
08/26/85 
03/20/85 
06/12/85 
08/30/84 
08/26/85 
03/20/85 
06/12/85 
06/11/84 
08/30/84 
08/26/85 
03/20/85 
06/12/85 
06/11/84 
11/08/84 
08/30/84 
03/20/85 
06/11/84 
08/29/84 
06/14/84 
03/27/84 
06/14/84 
08/29/84 
11/06/84 
03/27/84 
08/29/84 
03/27/84 
06/14/84 
11/06/84 
03/27/84 
11/05/84 
03/26/84 
06/13/84 
08/28/84 
11/05/84 
Depth 
0.7 
0.7 
3.8 
4.8 
4.8 
4.8 
4.8 
6.3 
4.6 
4.6 
4.6 
4.6 
3.4 
1.6 
1.6 
1.6 
1.6 
1.3 
2.2 
2.3 
2.3 
0.4 
0.4 
0.4 
2.9 
2.9 
2.9 
2.9 
1.3 
1.3 
1.3 
1.7 
1.7 
3.0 
3.4 
3.4 
3.4 
3.5 
Habitat 
VMCB 
VMCB 
MC 
MC 
MC 
MC 
MC 
MC 
MC 
MC 
MC 
MC 
NVMCB 
NVMCB 
NVMCB 
NVMCB 
NVMCB 
NVMCB 
NVMCB 
NVMCB 
NVMCB 
SCCB 
SCCB 
SCCB 
SCC 
SCC 
SCC 
SCC 
NVMCB 
NVMCB 
NVMCB 
NVMCB 
NVMCB 
NVMCB 
NVMCB 
NVMCB 
NVMCB 
MC 
D85,MM 
0.063 
0.063 
0.500 
1.000 
0.500 
0.750 
0.300 
0.700 
0.750 
0.750 
0.750 
1.000 
0.500 
0.400 
0.300 
0.180 
0.400 
0.063 
0.125 
0.250 
0.300 
0.500 
0.400 
0.375 
1.200 
0.800 
0.800 
0.700 
0.300 
0.900 
0.900 
0.450 
0.200 
0.188 
0.350 
0.250 
0.350 
0.450 
D50,MM 
0.024 
0.025 
0.300 
0.275 
0.031 
0.250 
0.016 
0.016 
0.300 
0.375 
0.375 
0.500 
0.250 
0.250 
0.180 
0.024 
0.187 
0.016 
0.016 
0.048 
0.140 
0.350 
0.350 
0.200 
0.500 
0.400 
0.400 
0.400 
0.150 
0.500 
0.500 
0.300 
0.080 
0.028 
0.185 
0.188 
0.188 
0.275 
D1S,MM 
0.003 
0.016 
0.004 
0.063 
0.250 
0.250 
0.275 
0.090 
0.130 
0.031 
0.003 
0.063 
0.016 
0.200 
0.250 
0.050 
0.300 
0.250 
0.250 
0.275 
0.028 
0.300 
0.300 
0.225 
0.016 
0.002 
0.130 
0.125 
0.125 
0.135 
% gravel 
0 
0 
0 
10 
2 
1 
0 
0 
1 
0 
0 
2 
0 
0 
0 
0 
8 
0 
0 
0 
0 
0 
0 
0 
5 
3 
2 
0 
0 
2 
3 
0 
0 
0 
1 
0 
0 
0 
%sand 
12 
10 
75 
48 
36 
63 
25 
46 
84 
100 
98 
96 
85 
95 
78 
34 
77 
10 
19 
41 
71 
98 
100 
81 
95 
97 
98 
100 
69 
98 
97 
100 
52 
28 
93 
90 
92 
97 
%silt 
67 
71 
15 
20 
41 
21 
46 
22 
10 
0 
2 
2 
15 
5 
13 
37 
10 
60 
50 
37 
19 
2 
0 
16 
0 
0 
0 
0 
26 
0 
0 
0 
41 
54 
6 
10 
8 
3 
% clay Comments 
21 
19 
10 
22 
21 
15 
29 
32 
5 
0 
0 
0 
0 
0 
9 
29 SHELLS 
5 
30 
31 
22 
10 
0 
0 
3 
0 
0 
0 
0 
5 
0 
0 
0 
9 
18 
0 
0 
0 
0 
Sigma 
4.583 
5.590 
13.693 
3.450 
1.732 
1.732 
1.907 
2.357 
1.754 
3.111 
7.746 
2.520 
4.330 
1.581 
1.265 
2.739 
2.000 
1.789 
1.789 
1.595 
3.273 
1.732 
1.732 
1.414 
3.536 
9.695 
1.641 
1.414 
1.673 
1.826 
Dgeo. 
0.014 
0.089 
0.055 
0.217 
0.433 
0.433 
0.524 
0.212 
0.228 
0.096 
0.023 
0.159 
0.069 
0.316 
0.316 
0.137 
0.600 
0.447 
0.447 
0.439 
0.092 
0.520 
0.520 
0.318 
0.057 
0.019 
0.213 
0.177 
0.209 
0.246 
Skewness 
-0.366 
-0.703 
-0.580 
-0.260 
0.262 
0.262 
0.074 
-0.192 
-0.164 
-0.550 
-0.016 
-0.177 
-0.480 
-0.221 
-0.432 
-0.376 
0.263 
0.192 
0.192 
0.198 
-0.415 
0.070 
0.070 
0.170 
-0.274 
-0.162 
0.288 
-0.178 
0.207 
-0.182 
Table B-1. Statistical Summary of Illinois State Water Survey Samples (continued) 
Site 
M397.1 
M397.1 
M397.1 
M397.1 
M397.1 
M397.1 
M397.1 
M397.1 
M397.1 
M397.1 
M402.2 
M402.2 
M402.2 
M402.2 
M402.2 
M402.2 
M402.2 
M402.2 
M402.2 
M402.2 
M402.2 
M402.2 
M410.0 
M410.0 
M410.0 
M410.02 
M410.02 
M410.02 
oc404.9 
oc407.5 
ot406.9 
ot408.7 
rs405.6 
rs406.8 
S397.1 
S397.1 
S397.1 
S397.1 
LB.Dist 
132 
137 
142 
440 
453 
458 
681 
682 
683 
687 
175 
228 
230 
272 
358 
372 
372 
374 
476 
510 
526 
533 
205 
550 
985 
150 
300 
450 
55 
55 
320 
270 
80 
125 
60 
63 
65 
68 
Date 
06/13/84 
08/28/84 
03/26/84 
06/13/84 
11/05/84 
03/26/84 
06/13/84 
08/28/84 
03/26/84 
11/05/84 
08/28/84 
11/05/84 
06/13/84 
03/25/84 
11/05/84 
03/25/84 
06/13/84 
08/28/84 
03/25/84 
11/05/84 
08/28/84 
06/13/84 
07/10/83 
07/10/83 
07/10/83 
08/28/84 
08/28/84 
08/28/84 
11/06/86 
11/06/86 
11/06/86 
11/06/86 
11/06/86 
11/06/86 
03/27/84 
06/14/84 
11/06/84 
08/29/84 
Depth 
3.5 
3.5 
3.5 
1.5 
1.5 
1.5 
0.7 
0.7 
0.7 
0.7 
2.7 
2.7 
2.7 
2.7 
2.9 
2.9 
2.9 
2.9 
3.8 
4.8 
4.8 
4.8 
8.1 
1.6 
1.0 
4.6 
9.1 
3.7 
2.2 
2.2 
2.2 
2.2 
Habitat 
MC 
MC 
MC 
NVMCB 
NVMCB 
NVMCB 
NVMCB 
NVMCB 
NVMCB 
NVMCB 
NVMCB 
NVMCB 
NVMCB 
NVMCB 
NVMCB 
NVMCB 
NVMCB 
NVMCB 
MC 
MC 
MC 
MC 
TW 
TW 
SCC 
TW 
TW 
TW 
SCC 
SCC 
SCC 
SCC 
SCC 
SCC 
SCC 
SCC 
SCC 
SCC 
D85,MM 
2.000 
0.400 
0.500 
0.750 
1.200 
1.500 
0.450 
0.450 
0.400 
0.650 
0.750 
1.000 
1.000 
2.000 
2.500 
0.375 
0.600 
0.600 
0.500 
1.000 
1.000 
1.500 
0.450 
0.700 
0.450 
0.450 
8.000 
0.375 
0.350 
0.900 
0.500 
0.375 
0.450 
0.800 
0.200 
0.200 
0.188 
0.200 
D50,MM 
0.450 
0.308 
0.350 
0.400 
0.550 
0.600 
0.300 
0.358 
0.200 
0.375 
0.375 
0.350 
0.400 
0.400 
0.500 
0.200 
0.375 
0.375 
0.300 
0.450 
0.475 
0.750 
0.375 
0.375 
0.375 
0.300 
0.500 
0.188 
0.200 
0.400 
0.375 
0.200 
0.375 
0.350 
0.125 
0.125 
0.090 
0.125 
D15,MM 
0.135 
0.130 
0.185 
0.250 
0.300 
0.350 
0.135 
0.200 
0.043 
0.300 
0.275 
0.250 
0.275 
0.300 
0.300 
0.175 
0.275 
0.275 
0.135 
0.300 
0.300 
0.350 
0.275 
0.250 
0.275 
0.188 
0.250 
0.130 
0.135 
0.188 
0.090 
0.108 
0.200 
0.125 
0.031 
0.031 
0.028 
0.016 
% gravel 
15 
0 
2 
0 
5 
3 
0 
0 
0 
2 
0 
8 
5 
15 
11 
0 
1 
0 
0 
8 
10 
8 
0 
0 
0 
0 
25 
0 
0 
0 
0 
0 
0 
5 
0 
0 
0 
0 
% sand 
76 
94 
96 
100 
95 
96 
99 
97 
76 
98 
100 
88 
95 
85 
89 
100 
99 
100 
100 
90 
90 
92 
100 
93 
100 
98 
73 
98 
100 
91 
92 
91 
100 
85 
75 
85 
60 
68 
% silt 
9 
6 
2 
0 
0 
1 
1 
3 
20 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
7 
0 
2 
2 
2 
0 
9 
8 
9 
0 
10 
18 
9 
35 
23 
%clay 
0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
7 
6 
5 
9 
Comments 
OCONNEL SLOUGH 
OCONNEL SLOUGH 
OTTER SLOUGH 
OTTER SLOUGH 
RUSH SLOUGH 
RUSH SLOUGH 
Sigma 
3.849 
1.754 
1.644 
1.732 
2.000 
2.070 
1.826 
1.500 
3.068 
1.472 
1.651 
2.000 
1.907 
2.582 
2.887 
1.464 
1.477 
1.477 
1.925 
1.826 
1.826 
2.070 
1.279 
1.673 
1.279 
1.547 
5.657 
1.698 
1.610 
2.188 
2.357 
1.863 
1.500 
2.530 
2.540 
2.540 
2.591 
3.536 
D geo. 
0.520 
0.228 
0.304 
0.433 
0.600 
0.725 
0.246 
0.300 
0.130 
0.442 
0.454 
0.500 
0.524 
0.775 
0.866 
0.256 
0.406 
0.406 
0.260 
0.548 
0.548 
0.725 
0.352 
0.418 
0.352 
0.291 
1.414 
0.221 
0.217 
0.411 
0.212 
0.201 
0.300 
0.316 
0.079 
0.079 
0.073 
0.057 
Skewness 
0.107 
-0.535 
-0.283 
0.144 
0.126 
0.259 
-0.326 
-0.436 
-0.382 
0.423 
0.382 
0.515 
0.420 
0.697 
0.518 
0.650 
0.205 
0.205 
-0.220 
0.326 
0.237 
-0.047 
-0.260 
0.212 
-0.260 
-0.071 
0.600 
0.304 
0.175 
0.036 
-0.664 
0.010 
-0.550 
-0.109 
-0.496 
-0.496 
-0.226 
-0.628 
Table B-1. Statistical Summary of Illinois State Water Survey Samples (concluded) 
Site 
S397.1 
S397.1 
S397.1 
S397.1 
S397.1 
S397.1 
S397.1 
S397.1 
S397.1 
S397.1 
S397.1 
S397.1 
S402.2 
S402.2 
S402.2 
S402.2 
S402.2 
S402.2 
S402.2 
S402.2 
S402.2 
S402.2 
S402.2 
S402.2 
S402.2 
S402.2 
SKNM 
SKNM 
SKNM 
SKNM 
SKNM 
SKNM 
SKNM 
SKNM 
SKNM 
SKNM 
SKNM 
SKNM 
LB.Dist 
165 
169 
170 
174 
320 
320 
325 
327 
550 
553 
555 
555 
195 
195 
200 
200 
360 
370 
400 
400 
447 
459 
465 
465 
543 
551 
15 
15 
15 
15 
40 
40 
40 
40 
56 
56 
56 
56 
Date 
11/06/84 
06/14/84 
03/27/84 
08/29/84 
08/29/84 
11/06/84 
03/27/84 
06/14/84 
11/06/84 
08/29/84 
03/27/84 
06/14/84 
08/28/84 
06/13/84 
03/25/84 
11/05/84 
11/05/84 
08/28/84 
03/25/84 
06/13/84 
08/28/84 
11/05/84 
06/13/84 
03/25/84 
11/05/84 
08/28/84 
08/27/84 
11/05/84 
03/25/84 
06/13/84 
03/25/84 
11/05/84 
06/13/84 
08/27/84 
03/25/84 
08/27/84 
06/13/84 
11/05/84 
Depth 
4.4 
4.4 
4.4 
4.4 
2.0 
2.0 
2.0 
2.0 
2.0 
1.9 
1.9 
1.9 
1.9 
1.3 
1.3 
1.3 
4.3 
4.3 
4.3 
4.3 
4.1 
4.1 
4.1 
4.1 
1.0 
1.0 
Habitat 
SCC 
SCC 
SCC 
SCC 
SCCB 
SCCB 
SCCB 
SCCB 
SCCB 
SCCB 
SCCB 
SCCB 
SCCB 
SCCB 
SCCB 
SCCB 
SCC 
SCC 
SCC 
SCC 
SCCB 
SCCB 
SCCB 
SCCB 
SCCB 
SCCB 
TRIBM 
TRIBM 
TRIBM 
TRIBM 
TRIBM 
TRIBM 
TRIBM 
TRIBM 
TRIBM 
TRIBM 
TRIBM 
TRIBM 
D85,MM 
0.500 
0.500 
0.250 
0.500 
0.750 
0.600 
0.750 
0.900 
0.045 
0.063 
0.050 
0.060 
0.500 
0.750 
0.500 
0.750 
0.950 
0.900 
0.900 
0.850 
0.750 
1.850 
0.950 
0.900 
0.750 
0.900 
0.027 
0.450 
0.310 
0.400 
0.800 
0.750 
0.750 
0.024 
0.048 
0.010 
1.000 
2.000 
D50,MM 
0.400 
0.375 
0.188 
.0.250 
0.400 
0.450 
0.400 
0.500 
0.025 
0.160 
0.016 
0.016 
0.375 
0.375 
0.375 
0.375 
0.375 
0.400 
0.600 
0.400 
0.375 
0.450 
0.400 
0.450 
0.375 
0.400 
0.010 
0.350 
0.120 
0.275 
0.350 
0.400 
0.400 
0.006 
0.016 
0.500 
0.900 
D15,MM 
0.188 
0.250 
0.125 
0.016 
0.275 
0.275 
0.300 
0.250 
0.250 
0.250 
0.250 
0.250 
0.188 
0.275 
0.300 
0.250 
0.200 
0.250 
0.250 
0.375 
0.130 
0.250 
0.250 
0.135 
0.063 
0.275 
0.135 
0.600 
% gravel 
0 
0 
0 
9 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
9 
3 
2 
3 
3 
14 
7 
3 
2 
10 
0 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
15 
%sand 
91 
100 
100 
61 
100 
100 
100 
100 
11 
15 
9 
12 
100 
99 
100 
100 
89 
97 
98 
97 
90 
84 
93 
97 
86 
90 
0 
99 
1 
100 
85 
98 
99 
0 
3 
0 
65 
84 
%silt 
9 
0 
0 
21 
0 
0 
0 
0 
68 
55 
61 
63 
0 
0 
0 
0 
2 
0 
0 
0 
7 
2 
0 
0 
4 
0 
62 
1 
78 
0 
10 
1 
0 
55 
59 
39 
35 
1 
% clay Comments Sigma 
0 
0 
0 
9 
0 
0 
0 
0 
21 
30 
30 
25 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
8 
0 
38 
0 
31 
0 
5 
0 
0 
45 
38 
61 
0 
0 
1.631 
1.414 
1.414 
5.590 
1.651 
1.477 
1.581 
1.897 
1.414 
1.732 
1.414 
1.732 
2.248 
1.809 
1.732 
1.844 
1.936 
2.720 
1.949 
1.549 
2.402 
1.897 
1.342 
1.721 
3.563 
1.651 
2.357 
1.826 
D geo. 
0.307 
0.354 
0.177 
0.089 
0.454 
0.406 
0.474 
0.474 
0.354 
0.433 
0.354 
0.433 
0.423 
0.497 
0.520 
0.461 
0.387 
0.680 
0.487 
0.581 
0.312 
0.474 
0.335 
0.232 
0.224 
0.454 
0.318 
1.095 
Skewness 
-0.544 
-0.170 
-0.178 
-0.597 
0.253 
-0.263 
0.372 
-0.082 
-0.170 
0.262 
-0.170 
0.262 
0.148 
0.368 
-0.262 
0.232 
0.049 
0.413 
0.296 
0.583 
-0.209 
0.266 
-0.145 
-0.310 
-0.349 
0.253 
-0.267 
0.326 
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